Background: Aortic valve replacement (AVR) is the standard of care for patients with severe, symptomatic aortic stenosis who are suitable surgical candidates, benefiting both non-high-risk and high-risk patients. The purpose of this study was to report long-term medical resource use and costs for patients following AVR and validate our assumption that high-risk patients have worse outcomes and are more costly than non-high-risk patients in this population. Methods: Patients with aortic stenosis who underwent AVR were identified in the 2003 Medicare 5% Standard Analytic Files and tracked over 5 years to measure clinical outcomes, medical resource use, and costs. An approximation to the logistic EuroSCORE (European System for Cardiac Operative Risk Evaluation) based on administrative data was used to assess surgical risk, with a computed logistic EuroSCORE . 20% considered high-risk. Results: We identified 1474 patients with aortic stenosis who underwent AVR, of whom 1222 (82.9%) were non-high-risk and 252 (17.1%) were high-risk. Among those who were non-highrisk, the mean age was 73.3 years, 464 (38.2%) were women, and the mean logistic EuroSCORE was 7%, whereas in those who were high-risk, the mean age was 77.6 years, 134 (52.8%) were women, and the mean logistic EuroSCORE was 37%. All-cause mortality was 33.2% for nonhigh-risk and 66.7% for high-risk patients at 5 years. Over this time period, non-high-risk patients experienced an average of 3.9 inpatient hospitalizations and total costs of $106,277 per patient versus 4.7 hospitalizations and total costs of $144,183 for high-risk patients. Conclusion: Among elderly patients undergoing AVR, long-term mortality and costs are substantially greater for high-risk than for non-high-risk individuals. These findings indicate that further research is needed to understand whether newer approaches to aortic valve replacement such as transcatheter AVR may be a lower cost, clinically valuable alternative.
Introduction
According to data from the Nationwide Inpatient Sample, the number of aortic valve replacement (AVR) procedures has grown significantly over the years, with approximately 67,500 procedures performed in the US in 2010. 1 Medicare beneficiaries constitute 63% of all patients undergoing AVR. 1 With the aging of the population, the prevalence of aortic valve disease and valve replacement surgery is expected to continue this growth trend. Many published studies have documented the clinical advantages of AVR in patients with severe, symptomatic aortic stenosis. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] AVR improves clinical outcomes including mortality, reduces symptoms, and improves patient quality of life. Nevertheless, for patients at high risk of surgical mortality, options become increasingly limited, and the potential benefit of AVR must outweigh both the surgical risk as well as risk associated with no treatment at all. For this patient population, new, minimally invasive AVR treatments may be their only viable treatment option. 14, 15 Rapidly rising health care costs in the US have caused policymakers to seek increasingly an understanding of the cost-effectiveness of new technologies in order to ensure cost containment while maintaining and improving patient care. High mortality rates coupled with high end-of-life treatment costs for patients with aortic stenosis make this disease an area of particular interest. While AVR remains the standard of care for patients with severe aortic stenosis, few studies have effectively captured the long-term medical care resource utilization and costs for patients following AVR.
Due to the high prevalence of aortic stenosis in older patients, the Medicare population provides a "real-world" representation of the clinical progression of the disease and the associated resource use and costs. Using Medicare claims data, this study seeks to describe the costs and resource use associated with surgical treatment in both non-high risk and high-risk patients.
Materials and methods

Data sources and study population
This study used the Medicare Standard Analytic Files (SAFs), 5% sample for [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . While data from 2003 was used to identify the patient population, data from the previous 2 years were used to identify chronic conditions and previous surgeries for risk adjustment, and data out to 2008 were used to identify 5-year costs and outcomes. These files contain all claims (physician, inpatient, outpatient, skilled nursing, home health, hospice, durable medical equipment suppliers, and other suppliers) from a 5% random sample of Medicare beneficiaries enrolled in the fee-for-service Medicare program. Each patient receives a unique identifier that allows claims to be linked across time for longitudinal analysis of health resource use (services, length of stay), medical costs (Medicare payments), and clinical outcomes (defined by diagnosis and procedure codes, death date). Furthermore, the SAF (denominator) provides information on patient demographics including age, race, and other enrolment-related beneficiary information.
Patients included in this study were first identified by selecting a broader population of both medically managed and surgically treated patients with severe symptomatic aortic stenosis using physician, inpatient, and outpatient claims from 2003 . Additional outcomes that were tracked included rates of repeat AVR, valvuloplasty, admission to a hospice (presence of a hospice claim), admission to a skilled nursing facility (presence of a skilled nursing facility claim), number of acute inpatient hospitalizations (number of acute inpatient claims), hospital days (sum of acute inpatient length of stay), and skilled nursing facility days (sum of skilled nursing facility length of stay).
Costs were measured as payments made by the Medicare program for medical services reported on Medicare parts A and B claims and excluded beneficiary cost sharing, such as coinsurance and deductibles. Costs were computed based on all types of claims and accumulated over the 5-year followup period. Additionally, average follow-up costs per patient per year were calculated by dividing a patient's total follow-up costs by the number of years of follow-up time. Total followup costs exclude costs incurred during the index quarter, which are primarily due to costs associated with the surgical AVR procedure. The robustness of the SAF data allowed us to examine and report on various other components of cost and resource use, which are presented in the tables. These submit your manuscript | www.dovepress.com Dovepress Dovepress components were determined based on Medicare claim type, bill type, and provider number.
Risk stratification and adjustment
Patients included in the study were classified into highrisk and non-high-risk groups for risk stratification using the logistic EuroSCORE (European System for Cardiac Operative Risk Evaluation, http://www.euroscore.org/ logisticEuroSCORE.htm). Although the risk score calculator developed by the Society for Thoracic Surgery may be more appropriate for use in a US patient population, its application in claims data is not possible because the methodology and formula have not been published. The logistic EuroSCORE predicts surgical mortality for patients undergoing open heart surgery using patient-specific clinical criteria and risk factors including age, gender, comorbid conditions, and previous procedures. We used the SAF (denominator) to obtain the continuous age variable of the patient at the beginning of 2003 to determine age. Each of the other risk factors were determined on the presence of ICD9-CM DX and PX codes on certain claims from the 2 years prior to a patient's index event or index hospitalization. The specific codes used to define each logistic EuroSCORE covariate are provided in Appendix A. All of the risk factors except for age were treated as dummy variables. The values for each patient were included in the logistic EuroSCORE model. High-risk patients were identified by a logistic EuroSCORE $ 20%, which has been a definition used to identify high-risk AVR patients in other studies and clinical trials. 16 Further risk adjustment to account for comorbid conditions not already included in the logistic EuroSCORE model was employed using Medicare's Hierarchical Condition Categories (HCCs). The HCC methodology is used by Medicare to calculate risk-adjusted costs and payments to Medicare Advantage plans, and we used these HCCs to define clinically relevant conditions. 17 Under this methodology, diagnosis codes on inpatient, outpatient, and physician claims are used to identify comorbid conditions. These comorbid conditions as well as other patient demographic variables are used to calculate an HCC score to adjust monthly Medicare Advantage capitation payments. The risk scores are indexed to a value of 1.0, which represents the costliness of the average Medicare beneficiary. Therefore, a calculated risk score of 2.0 indicates that a patient is twice as costly as the average. In our study, HCC score was only used to report baseline patient characteristics, but we used several clinically relevant HCC groups to adjust for comorbid conditions in the multivariate models.
Statistical analysis
Continuous variables are expressed as the mean ± standard deviation and were compared using t-tests. Categorical variables were compared using Fisher's exact test and are presented as frequencies and percentages. A Cox regression model was used to predict clinical outcomes. Ninety-five percent confidence intervals and hazard ratios are reported for clinical outcomes. A number of covariates including age, gender, race, region, individual logistic EuroSCORE components, clinically relevant comorbid Medicare HCC conditions, and length of follow-up were used to adjust for baseline differences. Individual logistic EuroSCORE components and HHC categories were used rather than the actual scores because we wanted to understand the conditions that are most significant in predicting outcomes. All analyses were performed using SAS version 9.2 (SAS, Cary, NC), and a two-sided P value of 0.05 was considered to be statistically significant.
Results
Patient population
A total of 3624 patients with severe, symptomatic aortic stenosis (both medically managed and surgically treated) were identified in the 2003 Medicare SAF 5% sample. From this group, 1474 (41%) patients were identified as having been surgically treated. The baseline characteristics presented in Table 1 show that their mean age was 74.0 years, 40.7% were women, 93.1% were white, and 51.1% were from the East Region. While the mean logistic EuroSCORE for the group was 12%, 17.1% of the patients had a score $ 20% and were considered high-risk. The mean HCC score for the group was 2.9, indicating health care costs about three times that of the average Medicare beneficiary.
Patients also had a significant number of comorbid conditions associated with the logistic EuroSCORE covariates, including unstable angina (30.7%), previous cardiac surgery (20.6%), and recent myocardial infarction (17.6%). Additionally, patients had clinically meaningful comorbid HCC conditions, including heart failure (71.4%), cardiac arrhythmias (71.0%), cardiorespiratory failure and shock (33.7%), and vascular disease (26.0%). Not surprisingly, statistically significant differences were found between the high-risk and non-high-risk groups for all logistic EuroSCORE covariates. Several additional comorbid conditions were statistically significant between the high-risk and non-high-risk groups, including certain manifestations of diabetes, renal failure and dialysis, ischemic stroke, and protein calorie malnutrition.
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Clinical outcomes
Results of the unadjusted clinical outcomes analysis indicated that almost 40% of patients had died by the end of the study period, with 61.1% of patients still alive at the end of 5 years (Figure 1) . High-risk patients had signif icantly lower survival rates than non-high-risk patients (P , 0.0001), with rates of 33.3% and 66.8% at 5 years, respectively. Mean follow-up time across all patients was 3.8 years, while the high-risk group was 2.7 and the non-high-risk group was 4.0 (P # 0.0001).
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Additionally, a larger proportion of high-risk patients also experienced myocardial infarctions (4.8% versus 2.0%, P = 0.009) and strokes (7.5% versus 6.6%, P = 0.601) during the 5-year follow-up period (Table 2 ). Significant predictors of mortality included patient age, three separate logistic EuroSCORE components (neurologic dysfunction, Medicare ESRD status, critical preoperative state), and five comorbid conditions, even after adjusting for confounding factors (Table 3 ). The risk stratification variable defined by a logistic EuroSCORE . 20%, was not included in the final model because the individual logistic EuroSCORE components were used in the model. Medicare ESRD beneficiaries were found to have a more than three-fold increase in risk of death (95% CI 1.97-6.65, P , 0.0001). Similarly, patients in a critical perioperative state and those suffering from metastatic cancer and acute leukemia both demonstrated significant increases in risk of death of more than 2.5 times (95% CI 2.07-3.08 and 1.54-4.31, respectively).
Resource use and costs
An analysis of health care resource use (Table 4 ) over the 5-year period revealed an average of 4.0 acute inpatient hospitalizations (3.0 excluding index hospitalization) per patient, with high-risk and non-high-risk patients incurring 4.7 and 3.9 admissions, respectively (P = 0.003, 3.7 and 2.9 admissions excluding index event). On average, patients were hospitalized for 32.0 days, with high-risk patients incurring 46.6 days and non-high-risk patients incurring 29.0 days (P # 0.0001). Overall, 1.4% of patients underwent a repeat AVR procedure, with the high-risk patients undergoing the procedure more frequently. Over half (64.3%) of all patients received home health care, while more than a third receiving skilled nursing facility care (37.1%). Approximately 68% of all patients needed some type of durable medical equipment to manage their care. Univariate results showed statistically significant differences between high-risk and non-high-risk patients for hospital admissions and hospital days, skilled . The remaining costs were fairly evenly distributed among other types of health care services. Total 5-year costs were significantly different between the high-risk and non-high-risk groups ($144,183 versus $106,277 per patient, P # 0.0001). High-risk patients were 40% more costly than non-high-risk patients when inpatient hospital services were provided ($91,771 versus $64,712, P # 0.0001). Average skilled nursing ($8291 versus $4518, P # 0.0001), home health ($6642 versus $3937, P = 0.0146), and long-term hospital care ($4139 versus $1564, P = 0.0006) were all more costly for highrisk patients.
Total follow-up costs alone (excluding index quarter costs) over the 5-year period were $59,855. High-risk patients had 55% higher follow-up costs than non-high-risk patients ($85,731 versus $55,456). Hospital inpatient follow-up costs represented the largest proportion of total follow-up costs within each group, with 41.4% and 38.8% in the high-risk and non-high-risk groups, respectively. Inpatient follow-up costs for high-risk patients were $35,493, whereas the average inpatient hospitalization cost for non-high-risk 
Discussion
In a Medicare sample of 1474 AVR patients, 17.1% had a EuroSCORE $ 20% and were considered high-risk. Not surprisingly, the high-risk group had worse outcomes and higher resource use and costs than the non-high-risk group. High-risk patients had significantly lower survival (33.3% versus 66.8%), higher rates of myocardial infarction (4.8% versus 2.0%) and stroke (7.5% versus 6.6%), more follow-up hospitalizations (3.7 versus 2.9), and required more postacute care services in general. Total health care costs over the 5-year period reached $112,758 per patient overall, with the high-risk group driving costs higher ($144,183 versus $106,277 in the non-high-risk group). These results are consistent with our hypothesis that high-risk AVR patients are more costly and have worse outcomes than non-highrisk patients. Recent results from PARTNER (Placement of AoRTic TraNscathetER Valve Trial) of high-risk patients undergoing transcatheter AVR are comparable with the results presented here. The PARTNER Cohort A study compared high-risk patients randomized to either transcatheter AVR or standard AVR, while the Cohort B study examined "inoperable" high-risk patients randomized to transcatheter AVR or standard medical care. Patients in the surgical AVR arm of the "operable" cohort had an average one-year survival rate of 73.2%, while those in the "inoperable" transcatheter AVR arm had a one-year survival rate of 69.3%. 14, 15 The oneyear survival rate found in the high-risk Medicare population in this study was 66.8%. Although somewhat lower, it should be noted that the average logistic EuroSCORE in our high-risk group was 36.8%, while operable AVR and inoperable transcatheter AVR patients in PARTNER had logistic EuroSCOREs of 29.2% and 26.4%, respectively.
In terms of resource use and costs, only results from the inoperable transcatheter AVR patient group have been published and can be compared with the high-risk patients in this study. The high-risk AVR population in this study incurred 3.7 subsequent hospitalizations over the 5-year follow-up period (with 1.4 total and 0.5 cardiovascularrelated hospitalizations in the first year). The inoperable transcatheter AVR population incurred 1.02 total follow-up hospitalizations and 0.50 cardiovascular hospitalizations during the first year. 18 One-year costs for high-risk Medicare AVR patients in 2003 were $96,476. This compares with a total of $107,892 in one-year costs for the high-risk inoperable transcatheter AVR population. 18 The results found in this Medicare claims analysis compare well with high-risk transcatheter AVR patients. We await additional results from The incidence of severe, symptomatic aortic stenosis is expected to increase with the aging of the population. Previous studies have demonstrated that outcomes are poor in untreated patients and that the only effective treatment is AVR.
2-13 Although our results demonstrating higher costs and worse outcomes for high-risk versus non-high-risk AVR patients may not be surprising, there have been no studies to date examining the health care costs and resource use in this patient population (the PARTNER trial focused on high-risk patients only.) Additionally, studies of other procedures only compare immediate surgical outcomes of high-risk and non-high risk patients. More limited data exist that compare long-term outcomes and especially costs for high-risk versus non-high risk patients. One example of benchmark data in this area is for abdominal aortic aneurysm repair. Steinmetz et al examined high-risk surgical and endovascular abdominal aneurysm repair compared with low-risk surgical abdominal aneurysm repair outcomes over 7 years. 19 However, no cost or resource use data were reported.
As with any study that uses administrative claims data to track outcomes and costs, there are limitations. First, administrative claims data were not originally designed to answer research questions; they exist as a byproduct of the health insurance claims payment process. Clinical conditions and procedures are identified in claims data using various diagnosis and procedure coding systems. Often times, the codes are ambiguous and do not allow enough specificity for tracking specific outcomes and risk factors of interest. The "costs" provided in the dataset must be defined as "payments" made by payers (or, alternatively, billed charges). The Medicare data probably specifically underestimate total costs due to incomplete Medicare-covered benefits, such as prescription drugs and the majority of skilled nursing services.
In spite of these limitations, claims data are often used for this type of longitudinal research. Additionally, claims data provide insight into outcomes of patient populations that are not required to meet the restrictive enrollment criteria of clinical trials and may be more representative of how patients are truly treated. The Medicare database in particular is one of the most comprehensive datasets available to study costs and outcomes in an elderly population. Because the majority of patients with aortic stenosis tend to be elderly, these data are ideal for understanding this group.
In our sample, a total of 1474 high-risk and non-highrisk Medicare patients underwent AVR during 2003. Because our data represent a 5% random sample of all Medicare beneficiaries during that year, we can project that approximately 30,000 Medicare patients had surgical AVR in 2003. Total costs for the patient population over the 5-year follow-up period can be estimated at $3.4 billion (30,000 × $112,758). Additionally, we found important differences in costs, health resource use, and outcomes between high-risk and non-high-risk patients, with high-risk patients incurring higher costs, more health resource use, and greater mortality. Importantly, even though high-risk patients tended to have higher mortality (thus, fewer years of follow-up), the average total follow-up costs per high-risk patient was 55% higher at $85,731 versus $55,456. These findings underscore the need for future studies comparing the outcomes and health care costs of high-risk patients treated with surgical AVR compared with those treated with transcatheter AVR to determine whether transcatheter AVR provides a lower cost but clinically beneficial solution to the management of these high-risk patients. This study provides detailed cost and health resource use data on both high-risk and non-high-risk surgical AVR patients, which is helpful in providing comparative cost benchmarks for new, minimally invasive approaches.
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